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Actinomycetes and their metabolites: visual analysis based on
CiteSpace
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2 College of Resources and Environmental Sciences, Gansu Agricultural University, Lanzhou 730070, Gansu, China
Abstract: [Objective] To explore the research status and development of actinomycetes and their
metabolites. [Methods] We used CiteSpace for a bibliometric review of the literature extracted from
Web of Science (WOS) during 2001-2021. [Results] China ranked the first in the world in terms of the
number of the published papers involving actinomycete metabolites. Chinese Academy of Sciences had
the largest number of published papers in this field among all institutions. [Conclusion] The research of
actinomycete metabolites tends to involve multiple disciplines such as pharmacology, pharmacy,
chemistry, biochemistry and molecular biology. In terms of the research content, most researchers focus

on the biosynthesis of actinomycete metabolites. In addition, the mining of actinomycete germplasm

resources has become a hot topic in the field.

Keywords: actinomycetes; metabolites; CiteSpace; bibliometrics
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HAEZ M,

A SCHIH CiteSpace #{F X} Web of Science
(WOS)EZC B R 2001-2021 AR (8] Fr i 3 11
55 A o A 7 0 I A DG R SCRR 2R AT T AT
AL 23 #r, LA e B ik £ R AT 1 1 A0F 5 MR
LR e 1) K a3, DUHH iz aff o0 < Jak 4
ft—Ems%,

1 HBEmRE. Sy

L1 HEMKE. ik

ASCrh, SCEREE 3 21 Web of Science
oo ERRESG, RRERKX N
Ts=((actinomycetes =~ AND  metabolin) OR
(actinomyces AND metabolin) OR (ray fungi
AND metabolin) OR (actinomycetes AND
metabolite) OR (actinomyces AND metabolite)
OR (ray fungi AND metabolite) OR (actinomycetes
AND product of metabolism) OR (actinomyces
AND product of metabolism) OR (ray fungi AND
product of metabolism)), SCHKIE F A K N
“English”, 3Rk “Article”, B [R]7E Rl R
2001-2021 4, HAFFNAHIESCHR 3017 f= -

£1 AXEH 15 HER/M XY

1.2 BUEMIS AL

R PRAIE SCHR B R B AT AR, A SCHE 4 BT 8K
A X BT A NS AT, ff ] UltraEdit
25.10 BRAFHIBR 5 380N 2 AN B SCRR R e
Rl A A O SCHR BOPE 2 534 4. AUl
CiteSpace 5.7 R2 Hf4xf SCHERE Him vh i [ 52 /b
X HBUAG /A . s . R SCIE#R . BRI S
EHATATAAL 0T . A SRR BRI . )
6] B (time slicing): 2001-2021 4F, WfE/Y) A
(years per slince): 14, 752K (node types)
TR H AN [) B e B AN Rl A 2 80 B S 4
G-index. Top N Fl Top N%/3 5k 25, 50 I
100, HAWSEIIH RGN E.

2 BERXR504

2.1 ER/MXFAE D

R ICEBRIIET 15 ANEZH G 45 Mgk 1
Jron o Horp e S0 BRI 1R 8 Hr [l (China)
(685), HKJELE(USA) (321). EIE(India)
(243). fH[E(Germany) (216). HZ(Japan) (183)

Table 1 Top 15 countries/regions and institutions

Central L Central
Rank Country Count Institution Count

value value
1 China 685 0.11 Chinese Academy of Sciences 224 029
2 USA 321 0.24 University of California San Diego 68 0.09
3 India 243 0.01 University of Chinese Academy of Sciences 66 0.02
4 Germany 216 046 Sun Yat-sen University 59 0.11
5 Japan 183  0.11 Ocean University of China 44 0.07
6 Thailand 96 0.04 King Saud University 34 0.04
7 Korea 91 0.02 Chinese Academy of Medical Sciences & Peking Union Medical College 32 0.02
8 Egypt 90 0.11 Zhejiang University 28 0.04
9 England 85 0.11 Mahidol University 27 0.01
10 Italy 69 0.08 Yunnan University 25 0.04
11 Saudi Arabia 62 0.04 Kitasato University 24 0.01
12 Australia 54 0.02 Qingdao National Laboratory for Marine Science and Technology 23 0.03
13 Brazil 54 0.00 Peking Union Medical College 23 0.02
14 Canada 53 0.04 Technische Universitét Carolo-Wilhelmina zu Braunschweig 22 0.03
15 France 50 0.05 Seoul national university 22 0.03
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MAZ A5 G e SCAE S i T B B AL >k
FEL941) GR1), W EFRH#BE (Chinese Academy
of Sciences) A3 fx = FU A% (224), %7 S AER
RS dHA R A0 E©0.29) (81B), #*
b [ R} 2 B AR i 5 S AT A R R R
FIBT R R 0 R AR JE WK 2 3 i WY R 40 A
(University of California San Diego) (68). H'[%
Bl2#BE 2% (University of Chinese Academy of
Sciences) (66). H1117K%%(Sun Yat-sen University)
(59). HEETE K24 (Ocean University of China)
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Figure 1 Top 15 countries (A) and institutions (B).
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F2 AXEHAW 15 MIEBEMEWSIES
Table 2 Top 15 authors and co-cited authors

Rank Authors Count Central value Co-cited author Count Central value

1 Bingui Wang 39 0.06 Berdy J 343 0.04

2 Xiaoming Li 37 0.04 Shirling EB 228 0.04

3 Paul RJ 34 0.02 Jensen PR 213 0.07

4 Zhigang She 29 0.02 Sheldrick GM 200 0.09

5 Yongcheng Lin 23 0.04 Fenical W 180 0.05

6 William F 21 0.02 Tamura K 178 0.02

7 Yongsheng Che 19 0.03 Newman DJ 167 0.03

8 Yonghong Liu 19 0.01 Goodfellow M 157 0.08

9 Linghong Meng 17 0.01 Kieser T 151 0.01

10 Jianping Wang 17 0.01 Blunt JW 151 0.06

11 Xin Li 16 0.01 Saitou N 149 0.02

12 Liangdong Guo 15 0.02 Bentley SD 135 0.09

13 Michael GF 15 0.03 Baltz RH 124 0.07

14 Peter P 13 0.00 Omura S 120 0.04

15 Tibor K 13 0.02 Altschul SF 115 0.04

(A) (B)

B omine o
I Paul RJ Central value B Jensen PR
B “orgeheng Li —
I william F B Tamura K

[ Yongsheng Che
I Yonghong Liu
I Linghong Meng
[ Jianping Wang
I Xin Li

I Liangdong Guo
I Michael GF
I Peter P

B Tibor K

B2 Ham 15 BEE@MEHSIEE®)

Figure 2 Top 15 authors (A) and co-cited authors (B).

TEEREE . 5 ROk A W TR 5T A S
SIVEE 3L 925 0, el 5 AR ECE = I HT 15 FiAE
HAnE 2B iR, Hid Berdy J HA B A9 L%
SH5%(343), H% M Shirling EB (228). Jensen
PR (213). Sheldrick GM (200). Fenical W (180)
1 Tamura K (178)%F. %%y M4 5 | 40 K 5= B
T OX SEHIF S AR I 5 AU LA B R R

[ Newman DJ
I Goodfellow M
I Kieser T

I Blunt JW
I Saitou N

I Bentley SD
B Baltz RH
I Omura S
I Altschul SF

i) F312%,
2.3 H#ESIHH SR

5 T £ AT T W A 5 B4 AH O 1 ) 3
98 />, Hidpdtwls | HG s AR 3 pr
No HHER 3 WL, xRS A .

BiRleE | R A2 AU, ST
Kb iz, HApITF 1953 AR5 1)
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&3 SIAMEHRRE 15 BHIT
Table 3 Top 15 journals cited by frequency

Rank  Journals Count Central Publishing  Impact factor
value country (2021)
1 Journal of Antibiotics 1239 0.01 Japan 2.649
2 Journal of Natural Products 1182 0.02 USA 4.050
3 Applied and Environmental Microbiology 836 0.01 USA 4.792
4 Natural Product Reports 773 0.01 England 13.423
5 Journal of The American Chemical Society 689 0.01 USA 15.419
6 Proceedings of The National Academy of Sciences of The 675 0.01 USA 11.205
United States of America
7 Journal of Bacteriology 554 0.01 USA 2.472
8 Applied Microbiology and Biotechnology 549 0.01 Germany 4.813
9 Organic Letters 538 0.01 England 6.005
10 Tetrahedron letters 534 0.00 England 2.415
11 Marine Drugs 513 0.01 Switzerland  4.762
12 Journal of Organic Chemistry 505 0.01 USA 4.813
13 Nature 503 0.01 England 49.962
14 Tetrahedron 491 0.01 England 2.457
15 Phytochemistry 486 0.01 England 4.072

Journal of Antibiotics 7& AR & 1% o 247 e i 1Y
G IIE(1 239), RIZBITIE—ERE E
J& Tzt o G 1y A% O W R T Journal of
Natural Products 7£ AR K3 i HA 5 w1 s
{EL(0.02), DU B 32 A T 78 1% 001 5% e HL A 55
BRI PO AR, B W ST U K
PR 22 Rl G, SR T e S B Ry R
Angewandte Chemie International Edition (453)
#11 Journal of the American Chemical Society (689)

SETE A B3 e S 0 A R, BBk,
— SR ZE G PRI P AE R B B B
B, 4N Nature (503)#1 Nature Communications
(465)7
24 EFRIEMSMH
2RI e B T 050 B — At
U 2B AR . A SCrh &t o A s 3t
AR 98 A, B E AERHInEL 3
N o Forb gl B 2E 5 250 2% (Pharmacology and

P4 actamicro@im.ac.cn, 7 010-64807516

Pharmacy) (651)HA &L B%, Hk Ak
% (Chemistry) (538) . 24§ ¥ 1k % (Medicinal
Chemistry) (523). #A:91%(Microbiology) (473).
A ) R 0 A W) 27 (Biotechnology  and
Applied Microbiology) (413) LA & ## #) % (Plant
Sciences) (317)%2~%l, LI &5 R R HAETX
ISR T 10 SR NS T 2R
Ht.

TE RS b A 2e 5 0> F Y
(Biochemistry and Molecular Biology) (0.33)H.
A f i B HE, RZERHE T 5T
MR HR A2 (Chemistry) (0.24).
A= W R RN A ) 2# (Biotechnology  and
Applied Microbiology) (0.24), HEflE 544
2#(Environmental Science and Ecology) (0.18),

2.5 FRRIASM

2RI o M A B T A5 A B — B 5

ST 5 B A B B ) R AR AR R AR . AR S
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Figure 3 Top 15 disciplines.

e, dEadE RSB A, 3R
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B Count
I Central value
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Count

FRHAFF 6

(% 4), Hrp13E2%(Soil Science) (2001-2003)

F125 4 12 (Parasitology) (2011-2013)H A # K
(2 3 o DN HTL P i ] i  AR fb
AL, AR A0 R 5T 1) -5 P 4
P I m, e BT 2R
R TEAE Ry IR YRR A 2
—, ETIERNFEDEIR . LIRS AR R 14
PV RS EAES SR P RS EEME

x4 FRRIHELNER
Table 4 Network map of category burst detection

FARH AR 5T X T R R S B A
R SEE B . H H ET N 3 o B R Y
AR, MELLURBURTR, DR 5 3 4 G
TEFRRREBE P iR B Beah, MR
FROR MRS, B H RBLB AN, i & B
%%ﬁ%#% PR I ¥ 3 i 4 B R H R
WF SR U A IS I 22— 5 I ORI R T R
TR . 4 B RIS FRAEAE — S W IRIHE, PRtk
IR, R M AR B R

Rank Subject categories Year  Strength Begin End 2001-2021
1 Soil science 2001 3.21 2001 2003
2 Spectroscopy 2001 3.22 2007 2008
3 Water resources 2001 3.18 2008 2010
4 Mycology 2001 4.78 2009 2010
5 Parasitology 2001 3.37 2011 2013
6 Biodiversity and conservation 2001 4.34 2014 2015

http://journals.im.ac.cn/actamicrocn
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(Mycology) =& Bh S5 i v 3= SN = T F1) il Ze 1w
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TN OC Tl 2 T M AR - I e i N 2 &
BP0 43 B A

Bt ] PN A X6 T TR B AR 7 ) DG 1
B THE, 2010 4EDLE & T L AL it o
[ N 25 BN EE T A= ) 2 FEPE OR3P (Biodiversity
and Conservation) Fll 7 4= H 2% (Parasitology) Ji
o TR SE A S OCTE T AR
o (1) LA A SR . B R
. L E AT R S5 A LT
, VAT RO A SRR E YRRV AR,
AR R i I o 2, e, ek
MR, iR, Ak, sk
P A AR YR R A S DG FR, TS e AR 28 &R
SRR ZREPERY . (2) gk AR P i s
Brni . BHRT, AFShPrEs i el e
PrA R FEORIE TR, X R R e 2y
YIIE & T R B K Ry I O ieah,
TEAE W7 6 5 Th 4 A Pt K
FIVERT, QA P4 1A By i 2 g | B B A 0 s
F BTk 5 25 1A (Sreptomyces avi) T A=
BTAETR R HA BE AR WER, BEiE
Al A 7= o B BT S T DO PR
#h 781 (Salinispora) fir 7325 H I N R AL 5
D) LA U i R P A A A PR,
2.6 SRR AR

A, SRR RG] SCERD 0305, H
rh el 5 BB = W SCRR AN 3RS . SRRt 5|
A3 B AT s e e — A 5 ) R S R ZH R
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®E Q% &
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KVE R H AR bR, A & 513 8y SC
HR — B I 5T 40 1) i v BLAT B R
Wi o ARSCH, FAT B 1 2Bl 5 Y STk
A Bérdy %5 T 20054F &% &1 The Journal of
Antibiotics | A9 & Ji “Bioactive microbial
metabolites-a personal view”— 3, iZ CHEH &
SESIE T RAEACH T S R BR S T s, 2)
B 5 AR ) 10 77 L TR S R 2R, 4R
W TR R T RE S NS s
—EFERE BN TS s <3 KT,
JE KRBT TR W] TR 5 . HRCh Fenical
2 F20064F & 2 7£ Nature Chemical Biology I
Y9 81 A “Developing a new resource for drug
discovery: marine actinomycete bacteria”—3C,

LR GRVT T W o BOIR, B
TR AT P R E AL, AF5EE N
b B R, BB A 2RI
Be . W2 . EIERRIT A SE, AR AN EE 29
SRR FEAE W O R AR
L B BESE R o 7E 2007 4F R R T

Proceedings of The National Academy of Sciences
of The United Sates of America I f#“Genome

sequencing complex secondary
metabolome in the marine actinomycete

Salinispora tropica” — 3C H A 4 & 1 0 B
(0.12), %3 W58 3 I S R 4 e 4 R 4y
BT %V R T T 6 1L TR 1 R AR 7= B ik
FEPRIEO 2SO T LR AL R R TE
PR AR = T R T AT, B R T
BT 5 S B R 5 T

A IR BACH T A R 25 e Ak & )
(A R UR AR A B R A A A B R
OE PR TE Y G AP S/ O TR (¥ =L/ A T
R Y e K S ST NI AW B Y 32
AN E W B 20-40 NRGARE= Y4 0k

reveals
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&5 HWSIINEHR A 15 B9

Table 5 Top 15 documents in co-cited frequency

Central
Rank Frequency References
\

alue

Journals

1 100 0.04 Bioactive microbial metabolites-a personal view

2 66 0.06 Developing a new resource for drug discovery: marine
actinomycete bacteria

3 63 0.02 MEGAS: molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance, and maximum
parsimony methods

4 54 0.01 Thoughts and facts about antibiotics: where we are now
and where we are heading

5 52 0.05 Natural products as sources of new drugs over the 30 Years
from 1981 to 2010

6 50 0.03 Marine actinomycetes: an ongoing source of novel
bioactive metabolites

7 49 0.00 A short history of SHELX

8 45 0.12 Genome sequencing reveals complex secondary
metabolome in the marine actinomycete Salinispora
tropica

9 42 0.01 Pharmaceutically active secondary metabolites of marine
actinobacteria

10 42 0.05 Species-specific secondary metabolite production in
marine actinomycetes of the genus Salinispora

11 42 0.02 Salinispora arenicola gen. nov., sp. nov and Salinispora
tropica sp. nov., obligate marine actinomycetes
belonging to the family Micromonosporaceae

12 42 0.03 MEGA4: molecular evolutionary genetics analysis
(MEGA) software version 4.0

13 39 0.01 antiSMASH 3.0-a comprehensive resource for the genome
mining of biosynthetic gene clusters

14 39 0.10 Complete genome sequence of the model actinomycete
Sreptomyces coelicolor A3(2)

15 39 0.01 MEGAT7: molecular evolutionary genetics analysis version

7.0 for bigger datasets

The Journal of antibiotics
Nature Chemical Biology

Molecular Biology and Evolution

Journal of Antibiotics

Journal of Natural Products
Microbiological Research

Acta Crystallographica A-Foundation
and Advances

Proceedings of The National Academy
of Sciences of The United Sates of
America

Microbiological Research

Applied and Environmental
Microbiology

International Journal of Systematic and
Evolutionary Microbiol ogy

Molecular Biology and Evolution
Nucleic Acids Research

Nature

Molecular Biology and Evolution

BED#gE , AH b 2 B SR WY BT S G % O
PF AN ZRIRT BN “UUBRIE >, Aol 3T i
SeeURRIL DI, o H sk A Py F
FEMPEIT 2015 4K SRAE Nature Reviews
Microbiology |- [“Discovery of microbial natural

products by activation of silent biosynthetic gene

clusters™—3C, fEH RFEHICIA T UE Y KR 7™
W0 B R TR 57 A R0 R A i T AR A5 R AL B By

FES5EAE, WIE T 2 H 2 (genome mining)
HARTERE DB = s e A T X
U S AE R T R 2R 8 SC R SR TS Hh i 2R
SUBECA E , (EXF I 5T G 1Y) & i AT B
Sp A
2.7 KREBIRELISH

OB R — S AR SO O N A T B
B, X SCEE Y O R R A T AR B4 A B T AR
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W BT e — Bt 8 S S R A 9% B R BIE 5E a #
A, T g S ) S I A A A5 3 56 47
6591~ , o 3 BB 5 v Y O B R) 4N 6 i
TNo R ST ILI AT AT LUE L, BTG TF
Ji 2 T A P W BIE Y S N R AR Y
AW T T . R TR R R SRS M) o Y
BRI, AR ZHTekE e G kR,
SMEG IR A I A E B A
B, AR . B YEEREFRLS, OA
REW EAt SRR . AT AR EYE, L
HEVEAR R, SS64Wibs . AYYH
2 Y B R AT AR SR T R
et EEAY, AR R AT Y A SRR DA
T b R

UEAk, H OB LB R S T L, L
KT AR B R W9 5 B TR A AR AL
FEMESE T, JOTk A BH AR A W B A
WM, Ak, B TFAY R
AR & SR AR5 5 M43 )2 T B B 4 i A
W= 0 A LB B R AT REEO2, TZk r E

&6 SRECHER AT 15 B K IR
Table 6 Top 15 keywords in frequency ranking

Rank Keywords Count Central value
1 Natural product 313 0.06
2 Biosynthesis 302 0.06
3 Antibiotics 258 0.06
4 Streptomyce 251 0.05
5 Secondary metabolite 226 0.05
6 Gene cluster 202 0.05
7 Diversity 178 0.02
8 Soil 140 0.02
9 Antibacterial activity 134 0.04
10 Bacteria 128 0.04
11 Sp. nov. 126 0.02
12 Antimicrobial activity 121 0.03
13 Inhibitor 115 0.05
14 Marine actinomycete 104 0.04
15 Polyketide 104 0.03

<l actamicro@im.ac.cn, & 010-64807516

WA & 2R PA " W) 6 AH G i A
W, BRI XL RTE R ST, A BT E S
IR AR = 0 A s 4222 ek 55 i s
(Sreptomyces) . Jb HL {114 )& (Kiatasatospora) . £k
6l 7 J& (Salinispora) . /)N Lfd PR & (Mi cromonospor )
Fi#F FC 8 (Nocardia) &5, 47 20 2k A:At:
e BRI, (A 2 BOER RS
T RS0 3 TR L R 8 1 R s B s A8 Wk
T HENZM RS E SN AEZ —. W Xu 5§
I — e 88 e 56 DKL 2 422 40 1) 7 5 B B T RS A%
T A 28 0] BT 85 2 (ARM) 1 1) 6] 7 25 % (COF)
TE/INERIRL TR RN BE 5 T R AR RS s, A
P RIS FE A R IFRE T BT AYIE P, Bonet
S5 P B T 5% A0 AH DG 1 21 KSR 77 2k A 7
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Table 7 Network map of keywords burst detection

Rank Keywords Year Strength Begin End  2001-2021

1 Escherichia coli 2001 449 2001 2002 :

2 Bacteria 2001 4.60 2001 2005 :

3 Microorganism 2001 6.16 2001 2006 i

4 Hydroxylation 2001 3.92 2001 2010 : o
5 Inhibitor 2001 4.09 2002 2007 g
6 Degradation 2001 3.92 2002 2011 : :%
7 Complete genome sequence 2001 5.48 2005 2011 : —é
8 Population 2001 5.34 2005 2013 .2
9 Streptomyces coelicolor 2001 4.58 2006 2011 i g
10 Salinispora tropica 2001 3.97 2007 2010 | E
11 Structure elucidation 2001 5.95 2007 2014 :

12 Biodegradation 2001 3.85 2008 2013 :

13 Crystal structure 2001 5.36 2008 2014 :

14 Assay 2001 5.88 2010 2015 ;

TR, BRI H FT G T A WG S AT
DFEYEHR, W DNA & 5534 o
Mr. DNA 88 EE . m#sillrsAR . o+
TS HAR | RIS R AR 1eabh, gk
AN [R] P05 4 5 4 >R 1) [] Ao il 2k o HL R TR 971
AARKMZ= 5, X A HT B T A Q4 i JF
RBBET BRI IRI bAoA YRS
AFEEER, TEAEYEATN T2, HERT
Al b, #2334k (hydroxylation)— 3] % & & G B
)4 B H R R RS K . TR, Rk
A SN 2 — R DL RO, R R A A
SO WA BL, R T R R R R R
M kI . BRAREE AR . IRITR . BT
A ZR NS B IRACG W S5 R AR K
HERZEH, TR EETHT Hir
AR B R, B R A Y fe
FRHAL G BIR R R LY ELTB. M
A R B R AL TR = RS RS A b
2 i DA B2 2 A F A2 TR Ay T2 A A 2
KA 1007,

29 XKEIRBREDN

SBREIR] RIS I3 AT LA S e — =2 B T 5
P, ASCHI CiteSpace 314 ¢ #in]
REINEEX LB T AT R b, 45 R
Bl 4R HAhRERB QEH 0.682 8, 1
FEER(E M 0.813 4, RUIZRAEL M BF, RE
GEURAE I R e RSO, R ERS R M TR
SR 8 RN LT IR

#5 antibiotics /|
a #3 actinomycetes

#7 basal sten?‘ Tot d\isease

#1 secondary metabolism
#0 metabolite / /

#2 biological control

#8 helper rhizoactinomycetes #6 microbiology

#4 antimicrobial activity

4 XBIRBESH
Figure 4 Keyword clustering analysis.
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(1) AR A P e mli i oy . FARER
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Figure 5 Species and number of actinomycetes producing bioactive metabolites.
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Table 8 Some antibiotics produced by actinomycetes

Rank Latin name Compoynd Antibiotic name ]?iscovery

properties time

Medical antibiotics
1 Sreptomyces kanamyceticus Aminoglycosides Kanamycin 1944
2 Sreptomyces aureofaciens Tetracyclines Tetracycline 1948
3 Saccharopolyspora erythraea Macrolides Erythromycin 1952
4 Amycolatopsis orientalis Glycopeptides Vancomycin 1954
5 Sreptomyces lincolnensis Lincosamides Clindamycin 1962
6 Sreptomyces venezuel ae Chloramphenicols ~ Chloramphenicol 1947
7 Sreptomyces fradiae Phosphate esters Fosfomycin 1969
8 Sreptomyces cattleya B-lactams Meropenem 1976
9 Sireptomyces roseospor us Cyclic lipopeptide =~ Daptomycin 1987
10 Sreptomyces puniceus Tuberculin Viomycin 1951
11 Amycolatopsis rifamycinica Ansamycins Rifamycin Sodium 1959
12 Micromonospora Aminoglycosides Gentamicin 1969
13 Streptomyces nour sei Polyenes Nystatin 1950
14 Sreptomyces aureofaciens Tetracyclines Chlorotetracycline 1945
15 Sreptomyces verticillata Glycopeptides Bleomycin 1962
16 Actinoplans deccanensis Macrolides Fidaxomicin 1975
17 Sreptomyces orchidaceus Cycloserines Cycloserine 1955

Agricultural antibiotics
18 Sreptomyces avermitilis Macrolides Avermectin 1993
19 Sreptomyces hygroscopicus Aminoglycosides Validamycin 1997
20 Actinomycetes microaurous Aminoglycosides Kasugamycin 1963
21 Sreptomyces griseochromogenes Nucleosides Blasticidin 1955
22 Micromonospora Aminoglycosides Astromicin 1979
23 Streptover ticiliumendae Nucleosides Nikkomycin 1976
24 Sreptomyces kitazawaensis Nucleosides Ezomycin 1970
25 Sreptomyces mobaraensis Pyridines Piericidin 1963
26 Sreptomyces kitasazwaensis Macrolides Antimycin A 1945
27 Sreptomycesnourseivar-xichangensisn-var ~ Nucleosides Ningnanmycin 1997

Rz, A0 a-VER . SR . ST 4ER
FULT REEZETT . Beah, g i i =4 i g
e Bl R e S P LS

(2) BB Y I k5 0 RS
REREH#2 LY BiiA (biological control) .
#4 P UG P (antimicrobial activity) . #8 4 Bl

MR PR 28 7 (helper thizoactinomycetes), #6 fil
A=W (microbiology) . #7 Z5%LJE i (basal stem rot
disease). HTAT, WF5H 20 TH L FE I
JEAEIPTIRT . BRI, Y 0% E
LA SR, TR R M ACE ™, s
BSOS A I T A Akt 4 o A e R LT
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